One of the important goals of current research is to find a balance between the diversity of grass covers and their economically sustainable use for farming purposes. The aim of this study was to find relationships between the number of species (N), the Shannon-Wiener index (H), the forage value of vegetation (FV) and the proportion of grasses (G), legumes (L) and other forbs (F). Eleven extensively grazed pasture vegetations, located at the foothills of Šumava and Nové Hrady mountain ranges in South Bohemia, were selected with permanent plots marked out for phytosociological monitoring.
Introduction
Current species diversity exists as a result of a rich medieval agricultural landscape (a mosaic of pastures, patches of agricultural land, balks, fallows, groves, springheads and floodplains) where grazing was one of the most important factors forming the European nature (Mládek, et al., 2006; Šarapatka and Niggli, 2008) . Farming methods did not change much throughout the centuries. The first major changes in agriculture influencing directly biodiversity took place in the 19 th century (involving new crops and technologies) with more to follow after the Second World War mostly in today's post-communist countries of the former East block which included land unifying, intensification of production and the use of fertilizers and pesticides. Another controversial issue is the farming practice witnessed in the last decade, i.e. depending on the EU subsidies, with farmers holding excess lands and maintaining their covers by "extensive" grazing. However, such extensive grazing starts on one side of the pasture in the spring to end on the other in the autumn, ignoring the quality or long-term development of the particular cover (Hejcman, et al., 2002) , which ultimately leads to the disappearance of other species, including forbs and invertebrates. This means that agriculture and human influence was the reason of the high biodiversity of non-forest habitats as well as its contemporary dramatic decline (Šarapatka and Niggli, 2008) .
The aim of a number of current researches and projects is to find a balance between the diversity of grass stands and their economically sustainable use for farming purposes (Piro and Wolfová, 2008; Vargová, et al., 2011) . The relationship between agricultural production and biodiversity is called the "functional biodiversity" in general (Šarapatka and Niggli, 2008) . The biodiversity of grasslands is very often assessed based on the number of species or the Shannon-Wiener diversity index (e.g. Bullock, et al., 2007; Marion, et al., 2010; Hakrová, et al., 2012) .
The forage value is used in order to assess grasslands in terms of agricultural production mostly in Central and Eastern Europe. Various grassland assessment systems were developed focusing on the classification of species into different numbers of quality classes in terms of nutritional content and the volume of biomass produced (e.g. Stahlin, 1970; Klapp, 1971; Filipek, 1973) . In the Czech Republic, for instance, species are divided into six quality classes based on Regal (1980) , and it is five quality classes in Romania (Grozavu, et al., 2010) . Newly also forage value of individual species in Slovakia dealt Novák (2004) .
Completely accurate information on the nutritional composition of the stand provided only chemical analysis of forage. Forage value, calculated on the basis of species composition of vegetation seems to be a suitable equivalent for expensive analysis in the current economic situation. We were interested in how diversity of vegetation (expressed in number of species and Shannon-Wiener index) affects the forage value of grassland and what effect of this characteristic has species composition of vegetation, respectively the ratio of abundances of grasses, legumes and other herbs.
Materials and Methods
Long-term observation of pastures located at the foothills of Šumava and Nové Hrady mountain ranges in South Bohemia, Czech Republic has taken place under various projects by the Faculty of Agriculture, the University of South Bohemia (Hakrová, 2004; Frelich, et al., 2006; Hakrová, et al., 2009) . Pastures were rotationaly grazed with extensive density, mainly by cows, in two cases by sheep (Tab. 1).
Three to five permanent plots, each covering 16m 2 , were marked out in selected pastures. The coverage percentage of all vascular plant species was visually estimated in each plot in May, July and September in the year 2011. The nomenclature of plants followed Kubát (2002) . Biomass was not sampled.
The average number of vascular plant species in one relevé (N) and the ShannonWiener diversity index (H) were calculated based on phytosociological observations. The Shannon-Wiener index was calculated using the following formula: H′ = -Σi pi ln(pi), where pi is the proportional abundance of the i species. In addition, the percentages of grasses (G), legumes (L) and forbs (F) were calculated from the total coverage of each relevé.
The forage value (FV) was calculated following Veselá, et al. (2009) , using the following formula: FV = DB1 + 0.75DB2 + 0.50DB3 + 0.25DB4 -DB6, where D is the sum of covers of the individual species of a given B quality class. The B1 class includes yielding species of a superior quality; B2 includes yielding species with a lower forage value and, vice versa, less yielding species with a high forage value; the B3 class includes less yielding species of an inferior quality; B4 includes inferior, nonyielding, low quality species; the B5 class includes unusable, thorny, unpalatable species; and B6 includes poisonous species. The classification of species was used after Regal (1980) . The Pearson correlation coefficient was calculated for the observed parameters -i.e. N, H, FV, G, L and F -using the Statistica 9.0 (Statsoft, Inc.) software. 
Results
Mean number of species (N) range from 9 to 25 species per site, mean value of diversity index (H) range from 1,5 to 3,2 and mean forage values range from 59 to 92 (Table 1) . Proportion of grasses in swards fluctuate between 69% and 84%, proportion of legumes fluctuate between 0,9% and 20% and proportion of forbs fluctuate between 10% and 25% (Table1).
Shannon-Wiener index significantly increased with the average number of species (r=0.775, p<0.01) (Fig.1A) . Shannon-Wiener index also increased markedly with increasing abundances of forbs (r = 0.6929, p <0.01; Fig. 1B ) and significantly decreases with increasing abundances of grasses (r = -0.472, p <0.000) (Fig. 1C) . The average number of species increased markedly with increasing proportion of forbs (r=0.417, p<0.001) (Fig. 1D) , and slightly decreased with the increasing proportion of grasses (r=-0.1507, p<0.074; figure not shown) and with the growing proportion of legumes in particular (r=-0.2125, p<0.011) (Fig. 1E ).
Forage value correlates negatively with the average number of species (r = -0.573, p <0.001; Fig. 1F ) as well as the Shannon-Wiener index (r = -0.595, p <0.001) (Fig.1G) . Clearly, it is influenced by the growing proportion of forbs in a cover, causing its reduction (r = -0.336, p <0.001) (Fig.1H ).
Discussion
The diversity of vegetation and composition are strongly connected. The positive correlation between the number of species and the Shannon-Wiener index is supported by other studies (e.g. Kryzsak, et al., 2011; Parolo, et al., 2011) . The Shannon-Wiener index includes species richness as well as species equitability: higher index value means the higher number of species with a relatively lower abundance in a community. The decrease in the average number of species and the Shannon-Wiener index with the growing proportion of grasses in a community was proved by Kopeć, et al. (2010) .
Species richness (the number of species) is always a result of local abiotic conditions and farming intensity in particular (Marini, et al., 2007) . The number of species, Shannon-Wiener index and therefore also forage value are affected by the altitude, the number of species and SW index increase with increasing altitude, while forage value decreases (unpublished data; see also Gusmeroli, et al., 2012; Parolo, et al., 2011) .
The forage value always depends on the species composition of vegetation, which is influenced to a large extent by the farming intensity applied by a particular farmer (e.g. Dumont, et al., 2011) . Intensive grazing and mowing support strong, competitive species such as grasses, containing a higher proportion of nitrogen and mineral substances and a lower proportion of fibre and other non-nutritious substances (e.g. Mládek, et al., 2006) , which is desired by farmers. A suitable abundance of certain forbs, on the other hand, improves livestock health and their immunity (Mládek, et al., 2006) , and their content of aromatic substances also improves the taste and consumption of forage Šantrůček, et al., 2007) .
Rich grasslands with a high proportion of forbs do not lose nitrogen and mineral substances or digestibility after the blooming phase as quickly as sown grass-clover mixtures, and it is also possible to postpone the harvest by several weeks, if necessary (Mládek, et al., 2011; Jendrišáková, et al., 2011) . These grasslands can therefore be managed with a lower intensity, which supports the species diversity of forbs as well as other related groups of organisms, mainly invertebrates (Šarapatka and Niggli, 2008) .
Proportion of grasses in swards is relatively high (69-84%), usually range from 50 to 70% (Novák, 2004; Pozdíšek,et al., 2004) . The proportion of legumes is rather smaller (1-20%) and very variable, optimal range is 15-25% (Novák, 2004; Pozdíšek,et al., 2004) .
However, it is necessary to pay attention to shrub encroachment in extensively grazed stands. The increased shrub cover in the stands affects the species composition, decreases cover of herbs and legumes and reduces forage value as well as the digestibility of biomass (Kesting, et al., 2009 ).
According to the final value of the forage crops are pastures divided into several categories of quality. Pastures in Romania are divided into five categories from "very good", ranging from 75 to 100, to "degraded" stands with the value of less than five (Grozavu, et al., 2010) , in Slovakia into seven categories from "most valuable" (90-100) to the "toxic" stands with zero (Novák, 2004) . Forage values of our observed pasture vegetation range, with few exceptions, from 50 to 95, which would classify them by the Romanian scale as "good/valuable" and "very good/most valuable". However, when we comparing the final forage values,is necessary to take into account the used classification of species, which vary according to different authors. Novák (2004) compared forage values counted with his values and with the values after Regal (1980) , and he found forage value after Regal was about 8% higher.
It may therefore seem that the negative relationship between forage value and diversity of vegetation creates a disproportion between the needs of farmers and biologists. The results, however, show that also species richer stands retain relatively high forage value and, furthermore, forbs diversity also improves dietetic properties of forage and naturally supports livestock health.
Conclusions
The study confirmed a statistically significant positive correlation between number of species (N) and Shannon-Wiener index (H), and a negative correlation between these two diversity indicators and the forage value of stands. Grazing on vegetation has a significant impact ratio of grasses, legumes and especially herbs. The average number of species and Shannon index increases with the growing proportion of other forbs while the forage value decreases. The observed pasture vegetations were predominantly evaluated as "good/valuable" and "very good/most valuable".
